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Abstract 
The aim of this study is to investigate the effectiveness of analogy technique on students’ achievement for effect of concentration
and temperature on reaction speed. Quasi-experimental research design was used. This study was carried out in academic year of 
2008-2009 at Faculty of Education, Giresun University, Turkey. The sample consisted of 116 first year Prospective Science 
Teachers. Experimental group (EG) was taught by using the analogy based laboratory approach while the control group (CG) was 
taught by using traditional laboratory approach.  Study showed that EG students had better scores on CAT. Therefore, by the 
analogies students can see causal connections on familiar domain so that they can make causal explanations about novel 
situation.
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1. Introduction 
Chemistry is a key, enabling science, and is a subject that is considered by many to be difficult for students. The 
chemistry concepts are abstract in nature and require students to construct mental images of things they cannot see 
(Taber & Coll, 2002). Many researches describe variety of interventions or changes to pedagogy that researchers 
and teachers have used in an attempt to improve student learning in chemistry. 
According to Çilenti (1985), in science lessons there are many techniques for instruction. Laboratory is one of 
them which allows students to learn by doing experiments. Via laboratory students may reinforce their learning on 
theoretical knowledge (YÕlmaz et al., 2001). Laboratory; influences argumentation, critical thinking, understanding 
of science, perception, practical skills and also provides development for usage of knowledge, enhancement in 
concepts, describing new problems and judging (MEB, 1997). 
The literature suggests that the students enjoy laboratory work because it is more active, something they find 
more motivating (Hart et al. 2000). In the laboratory, students have chance to engage in hands-on activities, both 
science and non-science majors are reported to find laboratory-based activities to be motivating and exciting 
(Markow & Lonning, 1998). There have been many studies reporting on the effectiveness of the laboratory 
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instruction (e.g. Demircio÷lu, 2003; Hart et al., 2000; Lazarowitz & Tamir, 1994). Many researchers believe that 
laboratory work helps promote conceptual change, particularly if the practical involves qualitative laboratory tasks 
(Özmen & Demircio÷lu, 2009). 
There are many techniques which can be embedded within laboratory activities. One of the ways to activate 
students’ mind in laboratory environment is to use different instructional techniques to provide students to think the 
process of experiment stages. By the way, analogy which provides students to participate to experiment process 
more can be used.  
Analogy enhances student conceptual understanding in science and chemistry. Analogical learning involves the 
transfer of knowledge from a familiar domain (the analog) to a novel domain (the target) as a function of the 
structural correspondence between the two. A distinctive feature of analogy research is its focus on knowledge 
transfer occurring between disparate knowledge a structure, that is, between an analog and target sharing a system of 
relations, but lacking common surface features (Gentner, 1989). More specifically, reasoning by analogy entails the 
identification of structural similarities between disparate domains and the transfer of additional information from the 
familiar analog domain to the novel target domain (Gentner, 1983, 1989; Holyoak & Thagard, 1989). For example, 
one way of learning about the unfamiliar domain of target is to analyze the relations in an analogy. Each analogy 
produces a unique system of matching relations, one that reflects the distinct structure of the analog. As a result, 
each analogical comparison produces a distinct set of corresponding attributes (Gregan-Paxton et al., 2002). 
When we consider all these it is obvious, laboratory activities are important to develop better understanding and 
meaningful learning for students. Moreover laboratory activities should not only be just experiments but also 
involve well organized tasks and guidance. Analogy helps students to think about subject because this technique 
allows students meet concepts which they are familiar with. For these reasons, an analogy activity is planned for 
general chemistry I laboratory in ‘speed of chemical reactions’ subject. 
The aim of this study is to investigate the effectiveness of analogy technique on students’ achievement for effect 
of concentration and temperature on reaction speed. 
2. Method 
Quasi-experimental design which is a form of experimental research was used in the study to investigate the 
effect of analogy based instruction (Çepni 2007). In quasi-experimental research design one control and one 
experimental group were selected and a post test was applied to each group.
2.1. Participants  
This study is carried out in academic year of 2008-2009 at Faculty of Education, Giresun University, Turkey. 
The sample of this study consisted of 116 first grade Prospective Science Teachers from four classes of general 
chemistry laboratory course. Two of the classes (n=57) were randomly assigned as the experimental group and the 
other two classes (n=59) as the control group. Groups were equal at the beginning because all students had Student 
Selection Exam (ÖSS), had similar scores and placed at university. Experimental group (EG) was taught by using 
the analogy based laboratory approach which is embedded in prediction-observation-explanation (POE) technique 
while the control group (CG) was taught using traditional laboratory approach. In CG, students were taught by 
instruction and than they were allowed to do the experiments. 
2.2. Instrumentation 
In this study, to collect data a Concept Achievement Test (CAT), included 10 open-ended questions related to 
factors effecting speed of the chemical reactions, was used. A group of experts on whether the questions in the test 
developed by researchers can be used were taken into account. The reliability of the open-ended questions is 
calculated and its reliability coefficient was found to be 0.565 using the Cronbach Alpha formula. There are many 
techniques to investigate the reliability of tests. Acceptable reliability coefficients can be changed according to the 
aim/type of the test and the test items (Büyüköztürk, 2007).  
EG students were taught by the researchers using the analogy based laboratory approach for about two hours 
related to factors effecting speed of the chemical reactions. Afterwards, the same researchers taught using the 
traditional laboratory approach to the CG for about two hours. After this process, both EG and CG was applied the  
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CAT as post-test and then their answers categorized. 
well explained answers ĺ 3 points 
enough explanation with missing part  ĺ 2 points 
poor understanding                            ĺ 1 point 
wrong / unanswered                           ĺ 0 point 
Maximum score of CAT, which can be had by students, was 30 points. The open-ended questions of the test were 
analyzed by using SPSS independent t-test to examine if there is a statistically meaningful difference between EG 
and CG. 
3. Results (Findings) 
Findings of the data obtained from the CAT related to factors effecting speed of the chemical reactions are given 
below. 
Table1. T-test analyses results related to CAT performance of experimental and control group on post-test
Test Groups N Mean S.D t p 
EG 57 22,4 2,939 CAT
Post-test CG 59 19,6 3,957 4.025 ,036 
(Note: S.D: Standard Deviation; EG: Experimental group; CG: Control group) 
After the treatment, the analysis of independent t-test was run to compare the effects of intervention on students’ 
understanding in post-CAT.  The mean scores of EG and CG were 22,4 and 19,6 respectively. It is seen that 
students’ mean scores of post-CAT were similar in the experimental and control group. The findings showed that 
there was differences between the groups with respect to the students’ initial understandings related to factors 
effecting speed of the chemical reactions (p<0.05).
Students’ results were analyzed for each question; EG students achieved better than control group students for 
five of ten questions which are below; 
xWhat is the relation between reaction time and reaction speed? Graph the relation between reaction speed and 
temperature. 
xWrite down the reaction equation between IO3ǦǦ (iodate) and HSO3ǦǦ (bisulphate). 
xTry to make a generalization about the effect of concentration on reaction time. 
xTry to make a generalization about the effect of temperature on reaction time. 
xWhen other variables are controlled and stabilized, predict the reaction time for -10o C and 70oC.
After determining the questions, which EG students are better than CG students in, students’ answers were 
analyzed and the results were showed that some of the EG students used analogic terms in their answers. 
‘… if concentration increases, reaction speed increases so reaction time decreases like the company more 
workers quick job -…’ (EG: 7) 
‘In our experiment we increased our sample’s concentration stage by stage and the reaction time has changed… 
when we employed more workers moving time got shorter so when we increased our sample’s concentration our 
reaction time got shorter too…’ (EG: 38) 
‘… money motivates workers to work faster similar to this increase in temperature make reaction time shorter…’ 
(EG: 14) 
‘If we give less money to the workers they work less so moving time will be longer. When we consider this I 
think at -10o C reaction time will be longer (for ex: 2 hours) but at 70oC reaction time will be shorter (for ex: 10 
minutes)’ (EG: 29) 
4. Discussion 
The preceding discussion suggests that analogy influences a students’ understanding of a subject via a process 
that organizes and interprets the novel subject in terms of the structure associated with an existing mental 
representation. Implicit in the argument that analogical structure mapping directs attention toward particular features 
associated with the target is the idea that analogy directs attention away from other features. Consequently, analogy 
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is likely to have a significant impact on students’ meaningful learning and developing knowledge structure. There 
are many researches (e.g. Gentner, 1983;1989;Türk & ÇalÕk, 2008; Hozmen et al. 2009) claimed similar aspects. 
Laboratory activates student mind if there are well organized tasks, instructions and guidance otherwise students 
cannot conceptualize what they are doing or why they do it. So that, if we plan our activities well and to get students 
to comprehend relational reasons by using their familiar domains then they can accomplish their conceptual 
understanding. Markow & Lonning (1998) suggest that students should become aware of relations between 
concepts. Thence, students are taught by techniques which help them to make conceptual connections while doing 
laboratory activities.  
5. Conclusion and Recommendation 
The results of this study shed some light on the impact of analogy on learning in laboratory. Analogy, in this 
case, takes advantage of similarities between the analog and target, using the familiarities as a basis for generating 
inferences that enhance comprehension of the novel subject.  
When students are asked to make a generalization or prediction about subject analogic terms help them to 
answer. Therefore we may say that by the analogies students can see causal connections on familiar domain so that 
they can make causal explanations about subject. 
Consequently if students think about what they are doing in detail, with reasons and results of each experiment 
stages, while doing laboratory experiment they achieve better understanding. To introduce the novel subject to the 
students by using of familiar domains give them a chance to analyze the process by this way their hands-on 
activities help them to internalize knowledge. 
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Appendix
Analogies 
The effect of concentration on reactions speed: 
Construction materials which came to a large construction company are wanted to move up. For the first time six 
people are being employed for this work. Workers carried full of materials total of 20 hours. For second time 
company officials assigned 8 person to carry the same material and full of the materials are carried in 15 hours. For 
the third time 10 people were employed and the same amount of material was carried in 12 hours to up. 
The effect of heat on reaction speed: 
Company officials have to limit the number of workers with 10, but it is also wanted them to move the same 
amount of material in less time. For this, workers are proposed 10 TL premiums and their working are controlled. 
As a result of this premium application they see that the same amount of material is moved in 10 hours.  The boss is 
satisfied of ending the work in less time so he suggested 20 TL premiums for the last shipping and he sees that work 
has finished in 8 hours. 
Analogy Maps 
Effect of Concentration on Reaction Speed; 
Analog Compare to Target Feature Explanation 
Work Compare to Chemical Reaction Work is being compared to the reactions occur. 
Number of worker Compare to Reactant concentration The increasing number of workers are compared with the 
increase in concentration of reactant.
Moving time Compare to Reaction time Moving time is compared to the reaction time. 





Reactant with increased 
concentration
Reactants with increased concentration are same but the 
performance of the workers would not be same 
Effect of Temperature on Reaction Speed; 
Anolog Compare to Target Feature Explanation 
Work  Compare to Chemical reaction Work is being compared to the reactions occur. 
Moving time Compare to Reaction time Moving time is compared to the reaction time. 
Moving speed Compare to Reaction speed Moving speed is compared to the reaction speed. 
Amount of money Compare to Temperature Increasing amount of money is compared to increasing of the 
temperature 
Money Does not compare to Temperature Money is abstract, temperature is concrete 
